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SUMMARY OF ALL WORK ACCOMPLISHED:

I., The theory and phenomenology of cellular sodium/potassium
ion distribution and thermodynaf allosteric transitions.
The phenomenology of cellular Na KKion distribution was
dscribed by a simple Ising model which represents the
mechanism of--a -- steric transitions in proteins. The dynamic
behavior of this Ising model was solved rigorously by

Sstatistical mechanism and was f~un to agree with the

experimental measurements of Na /K exchange in lymphocyte
cells - Reports 1-6.

2. Use of synchrotron radiation to study the chemicophysical
states of metal ions in cells and ion-protein interactions.
The newly developed synchrotron radiation facilitie were
used to study the physical state of cellular potassium ions.
It was found that the cellular K ions are different from a
free solution--they are bound to proteins. Theories of
interpreting X-ray absorption spectra were developed. The
newly developed technique of sxtenled X-rayabsorption fine
structure was used to study K , Na and Ca bindings to
enzymes.- Reports 7-12. -

3. Invention of time-resolved X-ray absorption spectrometer and
its applications to study the protein dynamics and dynamics
o f i o n m o v e m e n t s i n i o n c h a n n e l s. . . ...... t -

The development of intense synchiotron radiation made
the study of structural dynamics possible by using time-resolved
EXAFS. We designed and constructed a spectrometer for this
purpose (Navy Case No. 67,047, US Patent No. 4,612,660).
The technique was applied to study the sequence of heme structure
changes in a photolyzed carboxymyoglobin (MbCO). We found
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that the first step of the photodissociation is the movement
of CO away from iron while the 5-coordinate heme structure
almost remains unchanged. This is an extremely important

60 finding, as the exact structure of the first intermediate state
of photolyzed MbCO has been in controversy for a long time.
The next application was to study the ion movements in ion
channels - Reports 13-18.

4. Development of a technique for preparing a bulk phase of
uniformly oriented ion channels in multilayers of lipids so
that ion channels under electric field can be studied with
spectroscopies and small-angle scatterings)- Report 19.
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INDEX OF ALL TECHNICAL REPORTS -- f , A-L -do".

1. Status Report "Cellular Water Structure" 12 April 1976.

2. Technical Report "First-Order Approximation for the Time-
dependent Ising Model" 9 February 1976.

3. Technical Report "Asymmetrical Ising Model" 9 February 1976.

4. Annual Report "Role of Cell Water in Regulation and
Restoration of Cell Functions" 23 July 1976.

5. Annual Report "Interaction of Cellular Ions with Biological
Molecules - Statistical Mechanics and Extended X-ray
Absorption Fine Structures" 18 July 1977.

6. Status Report "Interaction of Cellular Ions with Biological
Molecules" 30 September 1977.

7. Annual Report "Interaction of Cellular Ions with Biological
Molecules by EXAFS" 10 July 1978.

8. Annual Report "Interactions of Cellular Ions with Biological
Molecules by EXAFS 30 May 1979.

9. Status Report "Studying the State of Cellular Metal Ions by 0
the Extended X-ray Absorption Fine Structures" I June 0
1979.

10. Interim Report "The Use of Synchrotron Radiation for the Study- -
of Cellular Metal Ions" 16 May 1980.
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11. Annual Report "Interactions of Cellular Ions with Biological
Molecules--Statistical Mechanics and EXAFS" 13 June 1980.

12. Annual Report "Study of Protein Dybamics by Time Resolved
X-ray Absorption Spectroscopy" 11 May 1981.

13. Status Report "Study of Protein Dynamics by Time-Resolved
X-ray Absorption Spectroscopy" 6 April 1982.

14. Annual Report "Study of Protein Dynamics by Time-Resolved X-ray
Absorption Spectroscopy" 30 August 1982.

15. Progress Report "Study of Protein Dynamics by Time-Resolved
X-ray Absorption Spectroscopy" 3 May 1983.

16. Annual Report "Structural Analysis of Calcium Binding
Proteins by Time-Resolved X-ray Absorption Spectroscopy"
30 May 1987.

17. Annual Report "Study of Ion Bindings and Movements in
Gramicidin Channels" 26 April 1985.

18. Annual Report Abstract "Structural Analysis of Ion Binding
Proteins by Time-Resolved X-ray Absorption Spectroscopy
19 September 1985.

19. Annual Progress Report "Study of Ion Bindings and Movements
in Gramicidin Channels" 16 September 1986.

INDEX OF ALL PUBLICATIONS

H. W. Huang, "First-Order Approximation for the Time-Dependent

Ising Model," Phys. Rev. Bl, 11, 1144 (1975).

H. W. Huang, "Asymmetrical Ising Model," Phys. Rev. Bl 12, 216 (1975).

H. W. Huang, "Thermodynamics of Biological Controls--Cooperative
Phenomena in Hemoglobin," Collective Phenomena 2, 119 (1976).

H. W. Huang, "Allosteric Linkage and Phase Transition," Physiol.
Chem. Phys. 8, 142 (1976).

H. W. Huang, "Thermodynamic of Allosteric Transitions," J. Theor.
Biol. 67, 557 (1977).

' -,,w I



-4-

S. C. Moss, H. Metzger, M. Eisner, H. W. Huang, and S. H. Hunter,"
Simple Adjustable Liquid Sample Holder for X-ray Absorption Studies,"
Rev. Sci. Instrum. 49, 1559 (1978).

H. W. Huang, "Hydrodynamic Solution of the Time Dependent Ising
Model," J. Chem. Phys. 70, 2390 (1979).

H. W. Huang, S. H. Hunter, W. K. Warburton, and S. C. Moss, "X-ray
Absorption Edge Fine Structure of Potassium Ions in Various
Environments: Application to Frog Blood Cells," Science 204, 191
(1979).

H. W. Huang and W. A. Seitz, "Kinetics of Oxygen Binding to Hemoglobin:
Theory, In Cooperative Phenomena in Biology, ed. C. Karreman
(Pergamon Press, NY), Chap. 3 (1980).

C. M. Dutta and H. W. Huang, "K-edge Absorption Spectra of Ionic
Potassium and Its Z+l Analogy," Phys. Rev. Lett. 44, 643 (1980);
Erratum Phys. Rev. Lett. 45, 851 (1980).

H. W. Huang, "Cluster Size Distribution for the Ornstein-Zernike
Correlation," J. Chem. Phys. 73, 1084 (1980).

H. W. Huang and William Negendank, "Experimental Test of the Time-
Dependent Ising Model," J. Chem. Phys. 73, 4136 (1980).

H. W. Huang, "Analysis of Ecological Data - Stability Problem,"
In Perspectives on Adaptation, Environment and Population, ed. by
J. B. Calhoun (Praeger Publishing Co., New York), p. 159 (1981).

+

H. W. Huang and C. R. Williams, "Structure of Valinomycin-K Complex
in Solution by Extended X-ray Absorption Fine Structure, Biophys. J.
33, 269 (1981).

F. Y. Chen and H. W. Huang, "Loop Entropy of Triple Helix,"
Macromolecules 14, 332 (1981).

C. M. Dutta and H. W. Huang, "K-edge Absorption Spectra of Free and
Bound Potassium Ion," in Inner-Shell and X-ray Physics of Atoms and
Solids," ed. D. J. Fabian, L. M. Watson, and H. Kleinpoppen, Plenum
Press (1981), p. 679.

H. W. Huang and W.-H. Liu, "Time Resolved Extended X-ray Absorption
Fine Structure," Stanford Synchrotron Radiation Laboratory Report
(1982), No. 663.

-I;



! -5-

H. W. Huang, W.-H. Liu, and J. A. Buchanan, "Time Resolved Extended
X-ray Absorption Fine Structure," Nucl. Instr. Methods 205, 375
(1983).

H. W. Huang, W.-H. Liu, T. Y. Teng, and X. F. Wang, "100 Microsecond
Resolved EXAFS Technique for Studying Protein Dynamics," Rev. Sci.
Instrum. 54, 1488 (1983).

W.-H. Liu, X. F. Wang, T. Y. Teng, and H. W. Huang, "Microcomputer-
controlled System Used in Time-Resolved EXAFS Technique," Rev. Sci.
Ins trum. 54, 1653 (1983).

F. Y. Chen and H. W. Huang, "The Determination of Impurity Location
in A-15 Superconductors by Using EXAFS," Chinese J. Phys. 21, 45
(1983).

H. W. Huang, W.-H. Liu, T. Y. Teng, and X. F. Wang, "100 is-
Resolved EXAFS Technique for Studying Protein Dynamics," Stanford
Synchrotron Radiation Laboratory Report, 83/01 (1983) VII-76.

H. W. Huang, "An Integration Method of Time-Resolved EXAFS Measure-
ment" in EXAFS and Near Edge Structure, ed. by K. 0. Hodgson,
B. Hedman, and J. E. Penner-Hahn (Springer-Verlag, Berlin, 1984)
pp. 158-163.

H. W. Huang, "Deformation Free Energy of Bilayer Membrane and Its
Effect on Gramicidin Channel Lifetime," Biophys. J. 50, 1061 (1986).

T. Y. Teng and H. W. Huang, "Hemoglobin and Myoglobin Embedded in
Dry Polyvinyl Alcohol Film for X-ray Absorption Studies," Biochim.
Biophys. Acta 874, 13 (1986).

H. W. Huang and G. A. Olah, "Uniformly Oriented Gramicidin Channels
Embedded in Thick Monodomain Lecithin Multilayers, Bibphys. J. 51,
989-992. (1987).

T. Y. Teng, H. W. Huang, and G. A. Olah, "5K EXAFS and 40K 10-second
Resolved EXAFS Studies of Photolyzed Carboxymyoglobin," submitted
to Biochemistry (1987).

III


